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(54) Method of removing CO from CO + H2 gases and fuel cell system using method 



(57) The carbon monoxide content of a CO-contain- 
ing hydrogen-rich gas stream is reduced by contacting 
the gas stream with an adsorbent (21 ) capable ol pref- 
erentially adsorbing the carbon monoxide in the gas 
stream. The adsorbent may be selected from the group 
consisting of platinum, palladium, ruthenium, rhenium, 



iridium, the carbides and nitrides ol tungsten, molybde- 
num, vanadium, chromium, tantalum, and mixtures 
thereof whereby a substantially CO-f ree, hydrogen-rich 
gas stream is obtained. Preferably the adsorbent has a 
surface area of from 0.5 to about 200 m 2 /gm. The sub- 
stantially CO-f ree, hydrogen-rich gas stream may be 
used in a fuel cell (10). 
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Description 

The prosonl invention rolalos loa method lor reduc- 
ing Ihe CO content ol a hydrogen-rich gas mixture. More 
particularly the present invention is concerned with re- $ 
ducing the CO content ol a hydrogen-rich gas mixture 
to render the gas mixture more suitable lor use in luol 
cell systems. 

Fuel cells are devices that convert luel and oxidant 
to electrical energy. Most efficient luel cells use pure hy- w 
drogen as the luel and oxygon as the oxidant. Unfortu- 
nately uso of pure hydrogen has a number ol known dis- 
advantages not the least of which is its relatively high 
cost. Consequently, attempts have been made to oper- 
ate fuel cells using other than pure hydrogen as the fuel. '5 
For example, attempts have been made to use hydro- 
gen-rich gas mixtures obtained from steam reforming 
methanol as a tuel cell leed. These attempts, however, 
have not resulted in a practical system because carbon 
monoxide which is present in such gas mixtures de- 
grades cell performance, even in relatively low concen- 
trations. 

It is an object of the present invention therefore to 
treat a CO-conlaining, hydrogen-rich gas mixture to low- 
er tho CO content of the mixture to render it more suit- 
able for use in fuel cell systems. 

It is another object ol the present invention to pro- 
vide a method for lowering the CO content of a hydro- 
gen-rich gas stream in a single step. 

It is another object ol the present invention to pro- 
vide a method for reducing the CO content of a hydro- 
gen-rich gas stream which is energy efficient. 

Another object of the present invention is to provide 
a fuel cell system in which a CO-containing, hydrogen 
rich gas stream is subjected to an adsorption step and 
in which the carbon monoxide is preferentially adsorbed 
thereby lowering the carbon monoxide content of the 
gas mixture, e.g., to below about 10 ppm, to provide a 
substantially CO-free, hydrogen rich gas stream which 
is subsequently fed to the fuel cell for use therein. 

Simply stated, the present invention comprises a 
method for lowering the carbon monoxide content of a 
CO-containing, hydrogen rich gas stream by contacting 
the gas stream with an adsorbent capable of preferen- 
tially adsorbing the carbon monoxide in the gas stream, 
the adsorbent being selected from the group consisting 
of platinum, palladium, ruthenium, rhenium, iridium, the 
carbides and nitrides of tungsten, molybdenum, vana- 
dium, chromium, tantalum and mixtures thereof. Prefer- 
ably the adsorbent will have a surface area from 0.5 to 
about 200 m 2 /gm. 

The present invention also involves a fuel cell sys- 
tem comprising a f uel cell including an anode, a cathode 
and an electrolyte arranged in operative association 
with a carbon monoxide separator. The system includes 
means for bringing a hydrogen rich gas in contact with 
the carbon monoxide separator to provide a substantial- 
ly carbon monoxide free, hydrogen rich gas and means 



to lood tho substantially CO-lroo gas to the anode of tho 
fuel cell The soparator contains an adsorbent selected 
from platinum, palladium, ruthenium, rhenium, iridium, 
the carbides and nitrides of tungsten, molybdenum, va- 
nadium, chromium, tantalum and mixtures thereof. Pref- 
erably the system includes means lor periodically feed- 
ing a desorbent gas to the separator todesorb absorbed 
carbon monoxide thereby regenerating the adsorbent 

The adsorbent may be supported or unsupported. 
Suitable supports are any of those known in the art of 
catalysis and include those selected from one or more 
of the following; silicas, aluminas, silica-aluminas, tita- 
nias, aluminosilicates, carbon. Unsupported metal ad- 
sorbents may be made by any suitable technique. A suit- 
able technique is that known as the Raney method, e. 
g. t as described by M. Raney, Ind. Eng. Chem., vol. 32, 
page 1199, 1940 and H. Krupp et al. J. Electrochem. 
Soc., volume 109, page 553, 1962 

These and other embodiments of the present inven- 
tion will be described in the following detailed descrip- 
tion. 

Figure 1 is a schematic illustration of a fuel cell sys- 
tem including a CO separator utilizing a selective ad- 
sorbent in accordance with this invention. 

Figure 2 is a schematic illustration of an altornato 
embodiment of the invention employing two CO sepa- 
rators in combination with a tuel cell. 

The present invention has wide applicability in pro- 
viding substantially CO-free, hydrogen-rich gas 
streams; however, the invention is particularly adapted 
to providing a hydrogen-rich gas stream for use in fuel 
cells. Therefore, the present invention will be described 
with particular reference to fuel cell systems. 

In general, the gas stream used in the present in- 
vention will be obtained by the well-known process of 
steam reforming a hydrocarbon or an alcohol such as 
methanol and thereafter subjecting the product gas 
stream to the equally well-known carbon monoxide shift 
reaction. The resultant gas stream typically will contain 
about 0.5% CO. Alternatively, the gas stream may be 
obtained by partial oxidation of hydrocarbons, especial- 
ly methane. 

Referring now to Figure 1 , a fuel cell device 10 has 
been illustrated, for the sake of simplicity, as consisting 
of a single cell having an anode side or compartment 11 
and a cathode side or compartment side 12. A supply 
line 14 is provided for supplying an oxidant, such as ox- 
ygen or air, to the cathode side 12 of the cell. Operably 
connected to the fuel cell 10 is a carbon monoxide re- 
moval apparatus or separator 20. The carbon monoxide 
removal apparatus 20 is provided with an inlet conduit 
15 for introducing a hydrogen-rich reformer gas mixture 
into the apparatus 20. 

As shown in the Figure 1 embodiment, the appara- 
tus 20 contains a bed of solid material 21 capable of 
selectively adsorbing carbon monoxide in gas mixtures. 
A conduit 1 6 is provided for the passage of substantially 
CO-free, hydrogen-rich gas from the apparatus 20 to the 
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anode cornparlmont 1 1 ol luol coll 1 0 Tho apparntus 20 
also inclndos a conduit 1 7 lot introducing a swoop gas 
(e.g.. steam) into the separator 20 lor dosorbinQ carbon 
monoxide adsorbed on solid matonal 2i . Also, a conduit 
18 is provided lor removal ol tho dosorbed carbon mon- 
oxide. 

In operation, a CO-contatning, hydrogen-rich gas 
stream, such as that previously described, is introduced 
via a conduit 15 into apparatus 20 lor contact with the 
CO-adsorbenl material 21 therein. The purified gas. 
which is substantially tree ol carbon monoxide, is re- 
moved via line 1 6 and led to the anode compartment 1 1 
ol luel cell 10 Prior to the complete utilization ol the ad- 
sorbent capacity ol solid 21 , the How ol the purilied gas 
into the apparatus 20 is terminated and a sweep or de- 
sorbent gas. such as steam, gaseous hydrocarbons (e. 
g. CH 4 streams) Hue gas Irom combustion, and any 
suitable mixture thcrcol. is introduced via line 17 into 
the bed to desorb the CO adsorbed therein. In one em- 
bodiment ol the piosent invention, an oxygen containing 
gas, such as an ib inlioduced into bod 21 with the sweep 
gas thereby oxidi/ing the adsorbed CO to C0 2 for re- 
moval. In a prelcrfcd embodiment, however, a generally 
non-oxidizing sweep gas is used, the CO and steam are 
removed Irom the separator 20 via lino 18 and prefera- 
bly are recyclod to a sloam retormer. 

Alter regeneration ol the adsorbent solid 21 in sep- 
arator 20 is complete, flow ol sweep gas is terminated 
and a CO-conlaining gas is again introduced into appa- 
ratus 20 via line 15 The CO-lree gas stream is then led 
via line 16 to anode compartment 11. This procedure 
can be repeated periodically as desired. 

In an alternate embodiment ol the present invention 
shown in Figure 2, two separators 30 and 40 are pro- 
vided, each containing an adsorbent material 21 capa- 
ble of selectively adsorbing carbon monoxide. The hy- 
drogen-rich, carbon monoxide gas to be treated is intro- 
duced alternately to separators 30 and 40 via line 35. 
The treated gas having substantially all of the CO re- 
moved is discharged alternately from the adsorbers 30 
and 40 via line 36 and is sent to anode compartment 1 1 
of fuel cell 10. 

Periodically, the separators 30 and 40 must be 
purged or reactivated to remove the adsorbed carbon 
monoxide Irom the adsorbent. This purging is done by 
introducing a sweep gas, such as steam, via line 37. The 
sweep gas will flow through adsorbers 30 or 40, as the 
case may be, and be removed via line 38. The various 
valves 22 through 29 are operated in appropriate se- 
quence to permit the alternate use of separators 30 and 
40. For example, when valves 24 and 26 are open and 
valves 25, 27, 22 and 29 are closed, the CO-containing, 
hydrogen-rich gas introduced via line 35 will flow 
through the adsorbent material 21 in separator 40 and 
pass via line 36 into the anode compartment 11 of fuel 
cell 10. Before complete utilization of the adsorbent ca- 
pacity of the adsorbent material 21 in separator 40, 
valves 24 and 26 will be closed and valves 25 and 27 



will bo open permitting tho flow ol rolormor gas through 
tho adsorbent material 21 in separator 30 At the same 
time with valves 28 and 23 closed and valvos 22 and 29 
open, a swoop gas such as steam, is introduced via lino 

5 37 and will How through the separator 40 lor discharge 
through line 38. Optionally and prelerably the desorbed 
CO-containing gas is recyclod to a steam rolormor lor 
the generation ol additional hydrogen: however, it may 
be oxidized to C0 2 and otherwise disposed ol. 

'0 in the practice ol the present invention the adsorb- 
ent 21 is one which is capable ol selectively adsorbing 
CO in a reformer gas stream to provide a hydrogen rich 
gas stream containing less than about 10 ppm CO and 
prelerably below about 1 ppm and prelerably to a stream 

is totally tree ol CO. Solid adsorbents useful include plat- 
inum, palladium, ruthenium, rhenium, iridium, and the 
carbides and nitrides ol tungsten, molybdenum, vana- 
dium, chromium, tantalum and mixtures thereol. The 
prelerred adsorbents will have a surface area in the 

20 range ol about 0.5 to about 200 m 2 /gm. Especially pre- 
lerred are the carbides and nitrides of tungsten and mo- 
lybdenum. 

The amount of adsorbent used will depend ol 
course upon the CO content of the gas stream to be 

2S troalod. tho gas flow rate and tho dosirod length of time 
to elapse before desorption is required. Typically, the 
CO-containing gas stream will be processed at pres- 
sures ol Irom about 0.5 to about 10 atmospheres at tem- 
peratures in the range ol about 25°C lo about 500°C. 

30 Preferred pressure and temperature ranges are 1 to 5 
atmospheres and 70°C to 300°C, respectively. 

While the present invention has been illustrated and 
described as embodied in a particular arrangement ol a 
selective CO-adsorbing apparatus for use in removal of 

35 CO from a gaseous fuel being supplied to a fuel cell, it 
should be appreciated that the present invention is not 
limited to this particular example. Rather, the scope of 
the present invention is to be determined in accordance 
with the appended claims. 

40 

Claims 

1. A method for removing CO from a CO-containing, 
45 hydrogen-rich gas stream to provide a substantially 

CO-free, hydrogen-rich gas stream comprising: 

passing the CO-containing gas stream 
through an adsorbent capable of selectively ad- 
sorbing CO and selected from the group consisting 
so of platinum, palladium, ruthenium, rhenium, iridium, 
the carbides and nitrides of tungsten, molybdenum, 
vanadium, chromium, tantalum and mixtures there- 
of, whereby a substantially CO-free, hydrogen -rich 
gas stream is obtained. 

55 

2. The method of claim 1 wherein the adsorbent has 
a surface area in the range of from about 0.5 to 
about 200 m 2 /gm. 
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3. The method ol claim 1 of claim 2 whoroin iho ad- 
sorbonl is supported and/or unsupported 

4. The method ol claim 3 wherein Ihe support loi Iho 
adsorbent is selected Itom one or more ol silicas, 5 
aluminas, silica-aluminas, titanias. aluminosili- 
cates, carbon 



5. A fuel cell system comprising: 



9. 



11. The system of any one of claims 5 to 10 wherein 
the adsorbent is tungsten carbide or molybdenum 
carbide. 



to 



a fuel cell having an anode compartment and a 
cathode compartment; 

at least one separator containing an adsorbent 
capable ol selectively adsorbing CO in a CO- 
containing hydrogen gas stream to produce a '5 
substantially CO-lree, hydrogen-rich gas 
stream; 

a conduit for feeding a CO-conlaining, hydro- 
gen gas stream to the separator; 
a conduit operably connecting the separator to 20 
the anode compartment of the fuel cell lor de- 
livering the substantially CO-tree, hydrogen- 
rich gas stream thereto; and 
a conduit tor feeding an oxidant to the cathode 
compartment. 2s 

6. The system ot claim 5 including two separators. 

7. The system of claim 5 or claim 6 including a conduit 

for feeding a sweep gas to the (respective) separa- 30 
tor to desorb adsorbed CO. 

8. The system of any one ot claims 5 to 7 wherein the 
separator contains an adsorbent selected from the 
group consisting ot supported and/or unsupported 35 
platinum, palladium, ruthenium, rhenium, iridium, 

the carbides and nitrides of tungsten, molybdenum, 
vanadium, chromium, tantalum and mixtures there- 
of whereby a substantially CO-free, hydrogen-rich 
gas stream is obtained. 40 



The system of claim 8 wherein the support for the 
adsorbent is selected from one or more of silicas, 
aluminas, silica-aluminas, titanias, aluminosili- 
cates, carbon. as 



10. The system of any one of claims 5 to 9 wherein the 
adsorbent has a surface area in the range of from 
about 0.5 to about 200 mS/gm. 
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